Lysophosphatidylcholine (LPC), formed during low-density lipoprotein (LDL) oxidation and located within atherosclerotic plaques, regulates a variety of cellular functions, some of which could be construed to promote atherosclerotic lesion development, including vascular muscle cell proliferation, monocyte attraction, and endothelial cell apoptosis. We have previously reported that the synthetic peptide derived from Asp-hemolysin, named P-21, inhibits oxidized LDL (OxLDL)-induced macrophage proliferation through binding of P-21 to OxLDL. In this study, to clarify the interaction between P-21 and LPC as a typical lipid moiety of OxLDL, we examined the influence of P-21 on LPC-induced apoptosis in human umbilical vein endothelial cells (HUVECs). Based on flow cytometric analysis, using annexine V-fluorescein isothiocianate and propidium iodide as probes to assess apoptosis, LPC induced the apoptosis of HUVECs, and P-21 significantly inhibited this activity by 82.4%. Furthermore, dissociation-enhanced lanthanide fluorometric immunoassay indicated that LPC inhibited the binding of P-21 to OxLDL in a dose-dependent manner. A 50% inhibition dose was estimated to be 4.65 m mM of LPC. These results suggest that P-21 inhibits LPC-induced HUVEC apoptosis through binding of P-21 to LPC.
It has been firmly established that elevated plasma concentrations of low-density lipoprotein (LDL) are associated with accelerated atherogenesis, and clinical trials demonstrate that LDL-lowering treatments reduce the risk of death in patients with coronary artery disease. 1) Recent evidence suggests that the oxidative modification of LDL renders it more atherogenic 2) and oxidized LDL (OxLDL) has been identified in atherosclerotic lesions.
3) OxLDL and its lipid constituents have numerous detrimental effects on endothelial cell function, 4) including the induction of apoptosis. 5) An active component of OxLDL is lysophosphatidylcholine (LPC), which is generated during LDL oxidation through the enzymatic hydrolysis of phosphatidylcholine by the platelet-activating factor acetylhydrolase (PAF-AH), an enzyme normally associated with LDL. 6) Recently, Sata et al. demonstrated that OxLDL or LPC induces endothelial cell apoptosis by sensitizing endothelial cells to Fas-mediated apoptosis. 7) Apoptosis is increasingly observed as plaques develop, although the exact mechanisms and consequences of apoptosis in the development and progression of atherosclerosis are still controversial.
Asp-hemolysin is a hemolytic toxin from Aspergillus fumigatus.
8) The gene for Asp-hemolysin has been cloned and the gene sequence has been reported. 9) The sequence of the primary Asp-hemolysin gene product, predicted from the cDNA sequence, consists of 131 amino acid residues and has a molecular mass of 14275. We have previously reported that Asp-hemolysin is a specific binding protein for OxLDL with high affinity (K D ϭ0.63 mg/ml), and its binding specificity is distinct from any receptor for OxLDL. 10) In addition, we have reported that LPC as a typical lipid moiety of OxLDL is involved in the binding of Asp-hemolysin to OxLDL, and that Asp-hemolysin is a binding protein for LPC. 11) Recently, Kumagai et al. demonstrated that the synthetic peptide derived from Asp-hemolysin, named P-21, inhibits OxLDL-induced macrophage proliferation through binding of P-21 to OxLDL. 12) In this paper, to clarify the interaction between P-21 and LPC as a major active component of OxLDL, we investigated the effect of P-21 on LPC-induced human umbilical vein endothelial cells (HUVECs) apoptosis. Our results suggest that P-21 inhibits LPC-induced HUVECs apoptosis through binding of P-21 to LPC.
MATERIALS AND METHODS

Synthetic Peptide
The peptide corresponding to 21-41 of Asp-hemolysin amino acid sequence 9) (IKNASLSWGK-WYKDGDKDAEI, P-21) and N-terminally biotinylated P-21 were synthesized by Bio Synthesis Inc. (Lewisville, Texas, U.S.A.). These peptides were purified by reverse HPLC and subsequently analyzed by laser desorption mass spectrometry.
Reagent The LPC used was 1-palmitoyl-sn-glycero-3-phosphocholine from Sigma (St. Louis, MO, U.S.A.), which was freshly dissolved in ethanol at 10 mM.
Cell Culture HUVECs were purchased from Clonetics (San Diego, CA, U.S.A.). HUVECs were cultured in EGM-2 medium (Clonetics) containing 2% FBS, 0.04% hydrocortisone, 0.1% human EGF, 0.4% human FGF-B, 0.1% VEGF, 0.1% ascorbic acid, 0.1% R 3 -IGF-1, 0.1% heparin, and 0.1% GA-1000 at 37°C in a humidified 5% CO 2 incubator. At confluence, cells were trypsinized, counted and adjusted to 3ϫ10 5 cells/ml for cell viability assay and flow cytometric analysis. For cell viability assay, 0.1 ml of cell suspension was added per 96-well tissue culture plate. For flow cytometric analysis, 1 ml of cell suspension was added per 35 mm culture dish. In all experiments, HUVECs were used from the second to fifth passages.
Preparation and Oxidation of LDL Human LDL (dϭ1.019-1.063) was isolated by sequential ultracentrifugation from fresh plasma collected in EDTA (1 mg/ml) as previously described.
13) The protein content of the LDL was assayed using the method of Lowry et al. with bovine serum albumin as the standard.
14) LDL was oxidized in the presence of 5 mM CuSO 4 for 4 h at 37°C. The extent of oxidation was assessed by measuring the thiobarbituric acid reactive substances (TBARS) 15) and relative electrophoretic mobility (REM) in 1% agarose gel compared with native LDL. The TBARS content of OxLDL was 86.39Ϯ12.19 (meanϮS.D.) nmol malomdialdehyde/mg protein. The REM value of the OxLDL preparation was 1.8.
Flow Cytometry Apoptosis was detected using an MEBCYTO ® Apoptosis Kit (MBL). HUVECs were incubated to LPC (0-75 mM) in the absence or presence of P-21 (100 mg/ml) for 2 h. The cells were collected and washed with phosphate-buffered saline (PBS). To prepare the cell sample for flow cytometry, cells were resuspended in binding buffer and washed twice with PBS. The cells were resuspended in binding buffer and stained with annexine V-fluorescein isothiocyanate (FITC) and propidium iodide (PI) for 15 min at room temperature in the dark. The cell samples were analyzed by FACS flow cytometer using CELL QUEST software (Becton Dickinson, Mountain View, CA, U.S.A.).
Cell Viability Assay LPC (0-45 mM) was preincubated with P-21 (100 mg/ml) for 30 min at 37°C. HUVECs were cultured with LPC or a preincubation mixture of LPC and P-21 for 2 h. Cell viability was determined by the WST-8 [2-(2-methoxy-4-nitropheyl)-3-(4-nitrophenyl)-5-(2,4-dinitrophenyl)-2H-tetrazolium, monosodium salt] assay using a Cell Counting Kit-8 (Dojindo). Briefly, 10 ml of WST-8/1-methoxy-phenazine methosulfate solution was added to each well of a 96-well plate and incubated for 2 h at 37°C. Absorbance at 450 nm was then measured with a multiwell spectrophotometer.
Dissociation-Enhanced Lanthanide Fluorometric Immunoassay (DELFIA) The effect of LPC on P-21 binding to OxLDL by DELFIA was measured utilizing lanthanide chelates and time-resolved fluorometry. 16 ) LPC (10 mM) was preincubated with biotinylated P-21 (2.5 mg/ml) for 15 min at 37°C. Rabbit anti-human b-lipoprotein IgG fractions (1 mg/ 100 ml, Nippon Biotest Labo.) were placed in a 96-well microtiter plate and incubated overnight at 4°C. After removing the antibody fluid, the wells were blocked with SuperBlock ® Blocking Buffer in PBS (Pierce). After washing the well three times with PBS, 10 mg/ml of OxLDL was added to each well. After incubation for 1 h at 37°C, the plates were washed with PBS. Then, 100 ml of 2.5 mg/ml biotinylated P-21 or 100 ml of preincubation mixture of LPC and biotinylated P-21 were added to each well and incubated for 30 min at 37°C, followed by 100 ml of Eu 3ϩ -labelled streptavidine (Wallac Oy) (1 : 1000 diluted in PBS) for 30 min at room temperature. After washing the well six times with PBS, 100 ml of DELFIA enhancement solution (Wallac Oy) was added to each well. After shaking for 5 min, we determined the fluorescence using a 1420 ARVOsx DELFIA Research Fluorometer (Wallac Oy) at the standard setting for Eu 3ϩ (excitation wavelength of 340 nm and an emission wavelength of 615 nm).
Statistical Analysis Data were evaluated by paired Student's t-test. When the p value was less than 0.05, the difference was considered significant.
RESULTS
Effect of P-21 on the LPC-Induced Apoptosis of HUVECs
To examine the induction of apoptosis in HUVECs by LPC, HUVECs were treated with various concentrations of LPC for 2 h. As shown in Fig. 1 , LPC caused apoptosis in HUVECs at 3.9, 24.6 and 31.6% when HUVECs were treated with 25, 50 and 75 mM of LPC, respectively. However, at the highest concentration (75 mM) employed, the necrotic cell population increased from the baseline to 21.6%. In addition, apoptosis determined by phosphatidylserine exposure was confirmed by the DNA fragmentation ladder pattern (data not shown). We next examined the effect of P-21 on LPC-induced apoptosis of HUVECs. When HUVECs were incubated with 50 mM of LPC in the presence or absence of 100 mg/ml of P-21, LPC-induced apoptosis in HUVECs was significantly inhibited by 82.4% with P-21 (Fig. 2) . Furthermore, we also examined the effect of P-21 on LPC-induced apoptosis of HUVECs by WST-8 assay as a parameter of apoptosis detection. HUVECs were treated with different doses of LPC in the presence or absence of P-21 for 2 h. As shown in Fig. 3 , LPC decreased the cell viability of HUVECs by 101.1, 67.7, 26.6 and 7.2% when HUVECs were treated with 25, 35, 40 and 45 mM of LPC, respectively. On the other hand, P-21 treatment almost completely inhibited the decreased cell viability of HUVECs induced by LPC. In contrast, P-21 alone did not affect HUVEC apoptosis (data not shown). 
Effect of LPC on P-21 Binding to OxLDL
To clarify the interaction between P-21 and LPC, we examined the effect of LPC on the binding of P-21 to OxLDL by DELFIA using biotinylated P-21. OxLDL was added to microtiter wells procoated with rabbit anti-human b-lipoprotein antibody and then a premixture of biotinylated P-21 and LPC was added to each well. After washing, the amount of OxLDL-biotinylated P-21 complex remaining in the wells was determined using Eu 3ϩ -labelled streptavidine. As shown in Fig. 4 , the incubation of biotinylated P-21 to OxLDL significantly increased the fluorescence intensity. On the other hand, LPC inhibited the binding of P-21 to OxLDL by 18.6, 43.2, 62.2 and 78.7% when compared to the control with a LPC concentration of 2, 4, 6 and 8 mM, respectively. The 50% inhibition dose was estimated to be 4.65 mM of LPC.
DISCUSSION
It has been shown that when LDL is oxidized to OxLDL, its phospholipid moiety PC is converted to LPC, which is present in OxLDL. 17) It has been speculated that the oxidation of LDL to OxLDL in the subendothelium is involved in the initiation of atherosclerosis because of its recruitment of monocytes and T lymphocytes into the subendothelial space. LPC has many effects that are expected to play important roles in atherogenesis. 18) For example, LPC stimulates cytokine, 19) adhesion molecules, 20) growth factor population, 21) and apoptosis induction. 22) Many studies have identified that cell apoptosis increased in atherosclerotic plaques compared with normal vascular vessels. 23) In addition, Phoebe et al. reported that LPC-promoted apoptosis through G2A provides the first account of LPC causing apoptosis through a distinct G protein-coupled receptor-mediated mechanism. 24) Moreover, it is known that oxysterol and oxidized phospholipids including OxLDL also induced apoptosis in HUVECs. 25) In this study, we demonstrated that P-21, a synthetic peptide derived from a region of Asp-hemolysin rich in positive charges, significantly inhibited LPC-induced apoptosis in HUVECs (Fig. 2) . In addition, the WST-8 assay also showed that P-21 inhibited LPC-induced apoptosis in a dose-dependent manner (Fig. 3) . Furthermore, we indicated that LPC inhibited the binding of P-21 to OxLDL in a dose-dependent manner (Fig. 4) . These results suggest that P-21 inhibits LPC-induced apoptosis in HUVECs through binding of P-21 to LPC. However, the effect of P-21 on oxysterol or oxidized phospholipids induced HUVECs apoptosis has not clarified in detail. Futher studies are needed to elucidate the issue.
Endothelial cell apoptosis represents a critical event for the initiation of atherosclerosis.
26) The concept of an association between endothelial cell apoptosis and the development of atherosclerosis has been supported by the hypothesis that disturbed shear stress on the vessel wall or adhesive platelets participates in endothelial cell apoptosis. Recent direct evidence demonstrated that endothelial cell apoptosis increases in the downstream part of atherosclerotic plaques whereas blood flow-mediated shear stress is low. 27) These findings show that endothelial cell apoptosis is involved in determining the susceptibility to atherosclerotic lesion development. Thus, our results indicate that P-21 may be a useful as a new diagnostic and therapeutic tool for atherosclerosis.
In conclusion, we have shown that P-21, an Asp-he- molysin-related peptide, inhibits LPC-induced HUVEC apoptosis, and its mechanism may be dependent on the binding of P-21 to LPC. Further study on the binding mechanism between Asp-hemolysin-related peptide and LPC may provide important information on the prevention and treatment of atherosclerosis.
